Introduction
Chlamydia trachomatis, an obligate intracellular bacterium, is probably the most common cause of urethritis, cervicitis and trachoma and, thus, optimal sensitivity and specificity in the diagnosis of this microorganism has a high priority in global health strategies. The current method of reference, culture, although highly specific, has a sensitivity of only 75-80% and requires cell culture facilities.' Similar sensitivities are obtained for antigen detection procedures using ELISA or immunofluorescence formats. However, confirmatory or blocking tests are required to improve the specificity of antigen detection.2 The polymerase chain reaction (PCR) has recently been employed to detect the major outer membrane protein (MOMP) gene,'8 the ribosomal RNA gene9 and a specific plasmid6'9-6 of C trachomatis in urogenital or ocular samples. Only two of these studies, however, analysed more than 300 clinical samples714 and none examined 100 positive specimens.
Although extremely sensitive, PCR procedures are more prone to false-positive results through contamination or "carryover" from positive specimens, in all but the most dedicated research laboratories. '7 Algorithms to confirm chlamydia PCR-positive samples are, hAoever, ill-defined. Most studies that employ ELISA7 1214 or immunofluorescence5 " 15 to confirm PCR-positive, culture-negative specimens conclude that PCR is more sensitive than these other detection schemes or culture limiting their value as confirmatory tools. Only five recent studies have employed the ideal confirmatory approach which involves using a second PCR directed against a different target to confirm initial PCR results.6 9 14 16 18 In the present study we have employed a second PCR directed against the same target to confirm initial results.
In virtually all PCR studies, the target sequences of the positive control and all positive samples are identical, which makes it impossible to probe the origins of contamination. We, and others, have previously reported on the amplification of a large portion of the MOMP gene for typing of C trachomatis isolates4 [19] [20] [21] and proposed that carryover could be readily identified when resulting in the generation of a series of similar serovars. These procedures4 1921 Sensitive detection and typing of Chlamydia trachomatis using nested polymerase chain reaction C trachomatis isolates can be identified by a single series of PCR. '4 We are presently reporting a nested PCR procedure using two PCR sample preparation DNA was extracted from residual 2SP medium by mixing with an equal volume (0.3 ml) of 2 mM NaOH and centrifuging at 14,000 rpm for 5 min in a microfuge. The pellet was resuspended in 10pl of 1 mM NaOH except on rare occasions when 20-50 p1 of 1 mM NaOH was employed because visual inspection of the pellet indicated cellular material in excess of the equivalent of 105 McCoy cells. The sample was heated at 80°C for 10 primers, were denatured initially for 1.5 min at 94°C and then submitted to 39 cycles of reannealing for 5 min at 55°C, elongation for 3 min at 72°C and denaturation for 1 min at 94°C. The final step included reannealing for 5 min and elongation for 10 min. A 1 p1 sample was subjected to an analogous series of 30 cycles of PCR using the nested primer pair. Ten p1 of amplified product were analysed on 1% agarose gels (100 volts, 2 h) and stained with ethidium bromide. Positive samples were typed by restriction fragment length polymorphism analysis (RFLP) on 10% polyacrylamide gels (170 volts, 3 h) as previously described4 except that the product of primers 3 and 4 rather than 1 and 2 was digested with restriction endonucleases.
PCR anticontamination measures. 17 Preparation and analysis of samples were performed in separate rooms using separate supplies and appliances. Plugged microtitration tips were employed for all steps prior to final sample analysis. The reaction mixture for the second PCR was assembled in the sample preparation room and the product of the first PCR amplification step added in a functioning fume hood in the sample analysis room using a micropipetter and plugged tips dedicated specifically for performed on a 1 pl1 aliquot of the first amplification reaction allowed detection of 24 of these 26 samples by visualisation of an amplification product predicted from the sequence of serovar L2 MOMP23 to be 971 bp and thus 99 bp shorter than that produced by primers 1 and 2.4 Other serovars should give slightly larger or smaller amplification products,24 but the differences were too small to be detected. This nested PCR procedure was employed to amplify DNA from C trachomatis, from Chlamydia pneumoniae and from two 291 Frost, Deslandes, Bourgaux-Ramoisy (table) .
In order to refine further the limit of sensitivity of this PCR procedure, 227 samples with less than 25 inclusions in culture, including 141 with 10 or fewer inclusions, _ were examined. C trachomatis DNA was amplified from 221 (97.4%) specimens including 137 (97.2%) of those with less than 11 inclusions. This sensitivity is similar to that observed with the consecutive specimens even though most (23/37) of the latter had more than 25 inclusions in culture, including _ the two samples negative by PCR. The sensitivity of nested PCR was further defined by diluting specimens with 10 or fewer inclusions in culture. After 100-fold dilution, 19 of 20 samples were positive. Of interest, mixed infections were detected in three of the samples with less than 11 inclusions.
Prior to the use of pipette tips with a cotton plug to prepare and analyse samples, an episode of contamination was observed that highlighted the usefulness of typing. In a series of 72 samples, five of which were positive in culture, 24 
